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© POLYESTER COPOLYMER. 



© The title copolymer is obtained by reacting a dicarboxylic acid component mainly composed of terephthalic 
*J acid or its derivative with a glycol component composed of 15 to 85 mol % of an aliphatic diol having 2 to 16 
^ carbon atoms and 85 to 15mol % of 1 ,4-cyclohexanedimethanol at least 80 mol % of which is in the trans 
CO form.This polyester copolymer has a low crystallization rate and an excellent heat resistance. 
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EP 0 411 136 A1 
POLYESTER COPOLYMER 

TECHNICAL FIELD 

The present invention relates to a polyester copolymer which gives a shaped article having a high heat 
resistance and which has a low rate of crystallization. 

BACKGROUND ART 

Polycyclohexylenedimethylene terephthalate obtained from terephthalic acid and 1 4-cyclohex- 
anedimethanol has a high melting point, and therefore, this polyester has a high heat resistance and a hiqh 
resistance against the hydrolysis. " 

Attempts have been made to use this polyester as films or bottles by utilizing this characteristic 
property. This polyester, however, involves a problem in that since the polyester is readily crystallized, the 
range of the shaping conditions is narrow. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a polyester copolymer having a low rate of crystalliza- 
20 tion and providing a shaped article having a high heat resistance. 

More specifically, in accordance with the present invention, there is provided a polyester copolymer 
obtained by reacting (A) a dicarboxylic acid component composed mainly of terephthalic acid or a 
derivative thereof with (B) a glycol component comprising (B-1) 15 to 85 mole% of an aliphatic diol having 2 
to 16 carbon atoms and (B-2) 85 to 15 mole% of 1 ,4-cyclohexaned i methanol in which the trans-form 
25 content is at least 80 mole%. 

BEST MODE FOR CARRYING OUT THE INVENTION 
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The dicarboxylic acid component (A) used in the present invention preferably comprises at least 90 
moIe% of terephthalic acid or a derivative thereof. As the terephthalic acid derivative, there can be 
mentioned dialkyl esters of terephthalic acid having 1 to 10 carbon atoms in the alkyl group and diary I 
esters of terephthalic acid having 6 to 14 carbon atoms in the aryl group. As specific examples of the 
terephthalic acid derivative, there can be mentioned dimethyl terephthalate, diethyl terephthalate, dipropyl 
35 terephthalate, dibutyl terephthalate and diphenyl terephthalate. 

As the other dicarboxylic acid that can be used together with terephthalic acid or its derivative in an 
amount of not more than 10 mo!e% of the dicarboxylic acid component, there can be mentioned phthalic 
acid, isophthalic acid, adipic acid, sebacic acid, naphthalene-1 ,4-dicarboxylic acid and naphthalene-2 6- 
dicarboxylic acid. 

The glycol component (B) used in the present invention comprises (B-1) 15 to 85 mole% of an aliphatic 
diol having 2 to 16 carbon atoms and (B-2) 85 to 15 mole% of 1 ,4-cycIohexanedimethano! in which the 
content of the trans-form is at least 80 moie%. 

As the aliphatic diol (B-1) having 2 to 16 carbon atoms, there can be mentioned ethylene glycol 
propylene glycol, tetramethylene glycol, hexamethylene glycol, neopentyl glycol, octamethylene glycol' 
butylethyl propanediol, diethyl propanediol and 3,9-bis(1 .1-dimethyl-2-hydroxyethyl)-2,4,8,10-tetraoxaspiro- 
[5,5]-undecane, and ethylene glycol, propylene glycol, tetramethylene glycol and hexamethylene glycol are 
especially preferably used. These aliphatic diols can be used alone or in the form of a mixture of two or 
more thereof. A polyester copolymer obtained by using an aliphatic diol having more than 16 carbon atoms 
as the aliphatic diol is not preferred because a shaped article obtained from this copolymer has not a 
so satisfactory heat resistance. 

The amount of the aliphatic diol (B-1) having 2 to 16 carbon atoms is 15 to 85 mole%, preferably 30 to 
70 mole%, based on the glycol component (B). The polyester copolymer in which the content of the 
component (B-1) is less than 15 mole% based on the component (B) cannot be used for attaining the object 
of the present invention, because the rate of crystallization of the polyester copolymer is high. The 
polyester copolymer in which the content of the component (B-1) is higher than 85 mole% based on the 
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component (B) is not preferably used, because the rate of crystallization becomes high or the glass 
transition temperature is too low. 

The content of the trans-form in 1 ,4-cyclohexanedimethanol (B-2) used in the present invention must be 
at least 80 mole%. A shaped article formed from a polyester copolymer obtained by using 1 ,4-cyclor1ex- 
5 anedimethanol having a trans-form content less than 80 mole% is not satisfactory in the heat resistance. 

The polyester copolymer of the present invention can be obtained by using terephthalic acid, dimethyl 
terephthalate or other terephthalic acid derivative, and ethylene glycol or other aliphatic diol and 1,4- 
cyclohexanedimethanol composed mainly of the trans-form as the main starting materials, carrying out an 
esterification reaction or an ester exchange reaction and subsequently, conducting a polycondensation 
io reaction. 

Catalysts customarily used for the preparation of polyesters can be used for the esterification reaction 
or ester exchange reaction and the polycondensation reaction. 

A flame retardant, a fibrous reinforcer, a filler, an oxidation stabilizer, a heat stabilizer, a colorant, an 
ultraviolet absorbent and the like can be added to the polyester copolymer of the present invention 
rs according to need. 

The present invention will now be described with reference to the following examples. 



Examples 1 through 9 and Comparative Examples 1_ through 4 
20 —— - — 

Terephthalic acid as the dicarboxylic acid component and a glycol component comprising 1,4- 
cyclohexanedimethanol, ethylene glycol, 1 ,4-butanediol and 1 ,6-hexanediol at a ratio shown in Table 1 were 
subjected to esterification at 260 " C in the presence of tetrabutyl titanate as the esterification catalyst in an 
amount of 0.1 % based on the obtained polymer Then antimony trioxide and phosphorous acid were added 
25 as the polycondensation catalyst in amounts of 0.03% and 0.04%, respectively, and polycondensation was 
carried out under a reduced pressure at 285 to 320° C, whereby various polyester copolymers were 
prepared. Each of the obtained polyester copolymers was recovered in the form of a strand polymer, 
cooled with water and pelletized by a cutter. 

Each of the obtained polyester copolymers was decomposed with an aqueous solution of hydrazine, 
30 and the glycol component was analyzed by the gas chromatography. The results are shown in Table 1 . 

Each of the obtained polyester copolymers was dissolved in a phenol/tetrachloroethane mixed solvent 
(1/1 weight ratio) and the intrinsic viscosity Tjsp/C was measured at a polymer concentration of 0.5 g/dl. The 
results are shown in Table 1 . 

The obtained pellet was molded into a molded article having a thickness of 6.4 mm, a length of 127 
35 mm, and a width of 12.6 mm by using a 1 -ounce small injection molding machine at a cylinder temperature 
of 310 to 320° C and a mold temperature of 310 to 320* C. 

Each of the molded articles was a transparent test piece. Each test piece was heated at 1 40 * C 
corresponding to the molding temperature for the preparation of a sheet or a bottle for 15 minutes, and the 
degree of whitening by the crystallization was examined. The results are shown in Table 1. 
40 The degree of whitening was evaluated according to the following scale: 
A: transparent (not changed) 
B: slightly whitened and hazy 
C: frosted glass-like and transparent 
D: turbid and opaque 
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Table 1 
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4 <> Note 

CHDM: 1 ,4-cyciohexanedimethanoi 

EG: ethylene glycol 

BG: 1 ,4-butanediol 

45 HG: l,6-hexanediol 

INDUSTRIAL APPLICABILITY 

The polyester copolymer of the present invention has a low rate of crystallization, and a shaped article 
so obtained from this copolymer has a high heat resistance. Accordingly, the range of application of the 
shaped article of the polyester resin is wider. 



Claims 

55 

1- A polyester copolymer obtained by reacting (A) a dicarboxylic acid component composed mainly of 
terephthalic acid or a derivative thereof with (B) a glycol component comprising (B-1) 15 to 85 mole% 
of an aliphatic diol having 2 to 16 carbon atoms and (B-2) 85 to 15 mole% of 1 ,4-cyclohex- 
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anedimethanol in which the transform content is at least 80 mole%. 

A polyester copolymer as set forth in claim 1, wherein the derivative of terephthalic acid is a dialkyl 
ester of terephthalic acid having 1 to 10 carbon atoms in the alky I group or a diary! ester of terephthalic 
acid having 6 to 14 carbon atoms in the aryl group. 

A polyester copolymer as set forth in claim 1, wherein the glycol component (B) comprises 30 to 70 
mole% of the aliphatic diol (B-1) and 70 to 30 mo!e% of 1 ,4-cyclohexanedimethanol (B-2). 

A polyester copolymer as set forth in claim 1 , wherein the aliphatic diol is ethylene glycol. 

A polyester copolymer as set forth in claim 1, wherein the aliphatic diol is at least one member 
selected from the group consisting of propylene glycol, tetramethylene glycol and hexamethylene 
glycol. 
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